Introduction
============

Endometrial cancer remains the most common gynecologic malignancy in Western Europe and the USA, with an estimated lifetime risk of 2.6% for women living in developed nations, and a median age at diagnosis of 61 years.[@b1-ott-6-1305] In contrast to the progress observed with many other cancer types, the incidence of endometrial cancer has increased over the past 30 years.[@b2-ott-6-1305],[@b3-ott-6-1305] This is in part related to the current epidemic of obesity, which is strongly linked to risk of endometrial cancer.[@b4-ott-6-1305] Fortunately, the majority of women with endometrial cancer are diagnosed at an early stage (the disease is confined to the uterine corpus) and may be cured by surgery with or without adjuvant radiotherapy. Roughly 75% of women survive for 5 years.[@b5-ott-6-1305],[@b6-ott-6-1305]

A wide variety of prognostic factors for survival -- among them, histological type, International Federation of Gynecology and Obstetrics (FIGO) stage, tumor grade, depth of myometrial invasion, lymphovascular space invasion, peritoneal cytology, and age at the time of diagnosis -- have been described and extensively evaluated in the literature.[@b7-ott-6-1305]--[@b13-ott-6-1305] However, only a few studies performed multivariate analysis and obtained different results on their significance.[@b14-ott-6-1305],[@b15-ott-6-1305] Also, the anatomical extent of lymphadenectomy and the number of lymph nodes that need to be removed to establish prognostic and therapeutic benefit are controversial.[@b4-ott-6-1305]

The objective of this study was to assess overall survival and disease-free survival of a clinical series of 276 patients with endometrial cancer and to determine multivariate independent factors affecting the prognosis of patients with carcinoma of the endometrium.

Materials and methods
=====================

Between January 2001 and December 2007, 358 consecutive patients were referred to the Service of Obstetrics and Gynecology of University Hospital October 12, in Madrid, Spain, to be treated for histologically confirmed cancer of the corpus uteri. The standard surgical treatments were extrafascial total hysterectomy and bilateral salpingo-oophorectomy with selective pelvic/para-aortic node dissection, according to risk for recurrence (intermediate risk: FIGO stage IA tumor grade \[G\] 3 IB G3, IC G1--2 and II \[occult\]; high risk: IC G3, II, III, and serous-papillary or clear-cell types). Clinical stages and pathological grading were reviewed according to the FIGO classification (1988). Tumor grade was evaluated including architectural and nuclear grade.

Adjuvant treatment was discussed in multidisciplinary team meetings with radiotherapists, pathologists, and medical oncologists. External-beam radiotherapy was indicated in FIGO stages IB or IC G3, IIA G3, and greater than IIB, in combination with endocavitary radiotherapy in stages ≥IB G3. Adjuvant chemotherapy was used in high-risk patients (stages III and IV).

Initial surgical staging was considered incomplete in surgical stages ≥IC without lymphadenectomy, G3 without lymphadenectomy (except for stage IA) and unfavorable histological subtypes (serous-papillary, clear cell, undifferentiated) without lymphadenectomy. Incomplete surgical resection was defined in the presence of incomplete tumor removal (tumor remnant \>1 cm) and/or incomplete surgical staging.

Patients were followed-up with clinical, cytological, analytical, and radio-imaging studies every 3 months for the first 2 years, then every 6 months for the third, fourth and fifth year, and then every year following for up to 10 years. The analyzed prognostic variables included patient age, obesity (body mass index \[BMI\] ≥ 30 kg/m^2^), tumor histology, myometrial invasion, FIGO stage, tumor grade, incomplete surgical resection, tumor remnant \>1 cm, lymphovascular space invasion, surgical approach (laparotomy vs laparoscopy), performance of lymphadenectomy prior to identification of risk groups, and high risk for recurrence. Disease-free survival and overall survival were calculated from the date of surgery.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS (v 15.0; IBM, Armonk, NY, USA). Actuarial overall survival and disease-free survival were estimated according to the Kaplan--Meier method and the significance between curves by the log-rank test. Univariate Cox proportional hazards analysis was used to assess the prognostic significance of the different characteristics. Multivariate analysis using the Cox regression model was also performed. According to criteria for clinical relevance, three significant variables at univariate testing (histological type, FIGO stage, tumor grade) were included in the Cox regression model. Risk for recurrence and death are expressed as the hazard ratio (HR) with the 95% confidence interval (CI). A *P*-value of \<0.05 was considered statistically significant.

Results
=======

A total of 358 patients with endometrial cancer were reviewed in the study period, but 82 (22.9%) of these were excluded from the analysis because they had inoperable tumors or their follow-up was unable to be completed as treatment was undertaken in other centers. Therefore, the study population consisted of 276 patients, with a mean (standard deviation \[SD\]) age of 64 (11) years and a mean BMI of 30.8 (6.1) kg/m^2^. The BMI was ≥30 kg/m^2^ in 31 patients. Of the women, 87% (n = 241) of the women were menopausal. History of breast cancer was recorded in 30 patients (treatment with tamoxifen in 25) and of colorectal cancer in four.

Briefly, surgical treatment included standard total hysterectomy and bilateral salpingo-oophorectomy in 274 patients (laparotomy in 82 and laparoscopy in 192) and radical hysterectomy in two. Pelvic and/or para-aortic lymphadenectomy was performed in 150 patients, with negative histological findings in 137 (91.3%) and positive in 13 (8.7%). Lymphadenectomy was more common with laparoscopy than with laparotomy (55.2% vs 51.2%). Half (50%) of the patients received adjuvant radiotherapy and 3.2% platine-based chemotherapy.

[Table 1](#t1-ott-6-1305){ref-type="table"} shows the surgical stage, grade, and histological condition of the endometrial cancers. The most frequent characteristics were endometrioid carcinoma (84.8% of cases), G1 (48.9%) and stages IB (35.1%) and IC (23.2%). Myometrial infiltration \<50% was documented in 39.1% of cases and \>50% in 31.2%. Lymphovascular space invasion was found in 11.9% of cases. Peritoneal cytology was negative in 91.3% of cases. Incomplete surgical staging was recorded in 23 patients; this was due to age over 80 years in eight, sub-staging in the extension study in eight, intraoperative difficulties preventing to perform the complete surgical protocol in five, and morbid obesity in two. In two patients (stages III--IV), tumor remnants \>1 cm were left. After surgery, 52.5% of patients were classified into the low-risk (of recurrence) group, 21.4% into the intermediate-risk group, and 26.1% into the high-risk group.

The disease-free 5-year survival was 82.3% and the overall 5-year survival was 81% ([Figure 1](#f1-ott-6-1305){ref-type="fig"}). The tumor recurrence rate was 14.5% (n = 40) and the tumor-related mortality rate 15.9% (n = 44). The estimated median follow-up using the inverse Kaplan--Meier method was 45 months (95% CI 41.2--48.8) for disease-free survival and 46 months (95% CI 43.0--49.0) for overall survival. As shown in [Table 2](#t2-ott-6-1305){ref-type="table"}, prognostic variables significantly affecting disease-free survival and overall survival included FIGO stages II, III, and IV; non-endometrioid tumor type; G2 and G3; outer-half myometrial invasion; incomplete surgical treatment; tumor remnant \>1 cm; positive nodes; lymphovascular invasion; and intermediate- and high-risk groups. Differences in disease-free survival and overall survival in terms of FIGO stage and tumor grade are shown in [Figure 2](#f2-ott-6-1305){ref-type="fig"} and [Table 3](#t3-ott-6-1305){ref-type="table"} and [Figure 3](#f3-ott-6-1305){ref-type="fig"} and [Table 4](#t4-ott-6-1305){ref-type="table"}, respectively.

In the Cox univariate analysis ([Table 5](#t5-ott-6-1305){ref-type="table"}), statistically significant variables affecting disease-free survival and overall survival were age, serous-papillary and clear-cell histological types, outer-half myometrial invasion, advanced FIGO stage, G2 and G3, incomplete surgical resection, positive lymph nodes, lymphovascular space invasion, tumor remnant \>1 cm, and high-risk group. In the multivariate Cox regression model, predictors of tumor recurrence included advanced FIGO stage (HR 4.90, 95% CI 2.57--9.36, *P* \< 0.001) and grades G2 (HR 4.79, 95% CI 1.73--13.27, *P* = 0.003) and G3 (HR 7.56, 95% CI 2.75--20.73, *P* \< 0.001). The same variables were also associated with a significantly higher risk of tumor-related mortality, with a HR of 4.90 (95% CI 2.57--9.36, *P* \< 0.001) for advanced FIGO stage, HR of 3.54 (95% CI 1.35--931, *P* = 0.01) for G2, and HR of 6.76 (95% CI 2.65--17.13, *P* \< 0.001) for G3.

Discussion
==========

In the series of 276 patients with carcinoma of the endometrium, the 5-year disease-free survival was 82.3%, which is similar to data reported by other authors.[@b8-ott-6-1305],[@b14-ott-6-1305],[@b15-ott-6-1305] Also, the 5-year overall survival of 81% found in our study is similar to the 80% found by Creasman et al[@b5-ott-6-1305] in a study of 8,110 patients.

In relation to prognostic factors, in our study, as in others,[@b8-ott-6-1305],[@b12-ott-6-1305],[@b14-ott-6-1305] FIGO stage was significantly associated with tumor recurrence and mortality. Disease-free survival at 5 years was 91% for patients with FIGO stage I cancer as compared with 52.5% for those with FIGO stage II, III, or IV. This difference was statistically significant. The influence of FIGO stage on the outcome of patients with endometrial cancer was confirmed in the multivariate analysis, in which it was demonstrated that the probability of tumor recurrence was 7.5 times higher in patients with FIGO stage II, III, or IV than in those with FIGO stage I. Moreover, the probability of survival was influenced by FIGO stage, which was also demonstrated by Kosary[@b9-ott-6-1305] in an analysis of data on 41,120 cases of endometrial cancer, obtained from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program, that were diagnosed between 1973 and 1987. The overall survival rate at 5 years was 48.8% in patients with advanced stages in contrast to 90.2% in patients with early disease. In agreement with data reported by Steiner et al[@b15-ott-6-1305] and Creasman et al,[@b5-ott-6-1305] FIGO stage was an independent predictor of survival. Patients with advanced disease showed a 4.95-times-higher probability of death than patients with stage I ([Table 6](#t6-ott-6-1305){ref-type="table"}).

The influence of the histopathologic tumor type as independent prognostic factor for recurrence-free survival and mortality was documented in a set of 181 patients with endometrial cancer described by Steiner et al.[@b15-ott-6-1305] These authors reported a significantly increased overall survival and recurrence-free survival for patients with adenocarcinoma or adenoacanthoma as compared to other tumor types (papillary, clear-cell carcinoma, and others). In our study, patients with endometrioid tumors had a disease-free survival rate of 89.6%, which was significantly higher than the 61.9% for patients with other tumor types, such as serous-papillary, clear cell, and undifferentiated carcinomas. Moreover, the probability of tumor recurrence was five times higher for serous-papillary and clear-cell types than for endometrioid tumors, although the probability of death was also 3.39 times higher for unfavorable tumor types. However, histopathologic tumor type was not selected in the regression model for either tumor recurrence or mortality, which may be explained by the low number of events in our series (40 cases of tumor relapse and 40 deaths), limiting the statistical power of the analysis.

Degree of tumor differentiation has been shown to affect survival in endometrial cancer, although it is difficult to determine the impact of this factor as an independent prognostic variable because of the close relationship with other factors. Creasman et al[@b5-ott-6-1305] showed that poorly differentiated tumors had a higher risk of myometrial invasion and, therefore, lymph-node metastasis. Hanson et al[@b16-ott-6-1305] analyzed the surgical specimens of 111 patients with stage I endometrial cancer. Lymphovascular space invasion was noted in 16 cases, and occurred most frequently in poorly differentiated tumors with deep myometrial penetration. Malignant peritoneal cytology has been also associated with G 3 tumors.[@b17-ott-6-1305] In our study, tumor grading was a significant predictor of outcome in the univariate and multivariate analyses. The probability of disease-free survival at 5 years decreased from 96.3% in G1 endometrial carcinoma to 80.8% in G2 and 66.7% in G3. Similarly, overall survival was 95.6% in G1, 82.1% in G2, and 61.9% in G3. Patients with G2 showed 5.8-times-higher risk for tumor recurrence than patients with early endometrial cancer, which increased to 11.5 times in patients with G3 endometrial carcinoma ([Table 6](#t6-ott-6-1305){ref-type="table"}). The unfavorable effect of poorly differentiated tumors on survival was similar. Steiner et al[@b15-ott-6-1305] also reported a significant association between tumor grade and disease-free interval and overall survival. In Reisinger et al's[@b18-ott-6-1305] study of 51 patients with stage II endometrial cancer, grade was the greatest predictor of survival, with only 37% of G 3 patients surviving at 5 years.

The importance of depth of myometrial invasion and lymphovascular space invasion as prognostic factors for lymph node metastasis and tumor recurrence, and in negatively affecting survival has been recognized in different studies.[@b19-ott-6-1305]--[@b21-ott-6-1305] Hachisuga et al[@b22-ott-6-1305] have recommended that if severe lymphovascular space invasion is found, the patient, even if in the low-risk group, should undergo lymph-node dissection. In agreement with these studies, we also found that myometrial invasion (outer half) and the presence of frank lymphovascular space invasion were statistically significant variables associated with a decrease in disease-free survival and overall survival. Also, in agreement with previous data,[@b13-ott-6-1305] age was also a significant factor related to tumor recurrence and mortality. For each age increase of 1 year, the risk of tumor recurrence and death increases 1.05 and 1.07 times, respectively. It has been shown that cancer therapy varies with age, with the use of aggressive therapies declining with increasing age.[@b13-ott-6-1305]

Although pelvic and para-aortic lymphadenectomy is part of the FIGO staging system for endometrial cancer, a systematic review and meta-analysis concluded that there is no evidence that lymphadenectomy decreases the risk of death or disease recurrence compared with no lymphadenectomy in women with presumed stage I endometrial cancer.[@b23-ott-6-1305] In our study, the performance of a lymphadenectomy did not confer advantages in disease-free survival and overall survival. Similar survival and recurrence rates were found to result from the laparoscopic approach and the traditional abdominal approach. Other studies have reported similar findings.[@b24-ott-6-1305],[@b25-ott-6-1305] As may be expected, the variables of incomplete surgical treatment and tumor remnant \>1 cm were both associated with a significant decrease in disease-free survival and overall survival. Moreover, prognosis clearly differed between the low-, intermediate-, and high-risk groups, with there being 31.4-times-higher risk of tumor recurrence and 28.3-times-higher risk of death for patients classified into the high-risk group compared with those in the low-risk category.

Conclusion
==========

This single-center retrospective analysis confirms that FIGO stage and tumor grade are independent prognostic factors of disease-free survival and overall survival in patients diagnosed with endometrial cancer. The preoperative study is critical to define the group of patients who should undergo lymphadenectomy, depending on which is considered high or low risk. As shown, poorly differentiated tumors have a very unfavorable effect on survival and it is necessary to know this information before the patient is in the operating room. Outcome was also influenced by histopathologic tumor type, myometrial and lymphovascular space invasion, lymph-node involvement, age, and tumor remnants after surgery, although a larger study sample is probably needed to demonstrate the independent association of these variables with survival.
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###### 

Characteristics of endometrial tumors in 276 patients

  Characteristic                 Patients, n (%)
  ------------------------------ -----------------
  Histological type              
   Endometrioid                  234 (84.8)
   Serous-papillary              19 (6.9)
   Clear cell                    7 (2.5)
   Other                         16 (5.8)
  Tumor grade                    
   G1                            135 (48.9)
   G2                            78 (28.3)
   G3                            63 (22.8)
  FIGO stage                     
   IA                            74 (26.8)
   IB                            97 (35.1)
   IC                            64 (23.2)
   IIA                           9 (3.3)
   IIB                           8 (2.9)
   IIIA                          10 (3.6)
   IIIC                          12 (4.3)
   IV                            1 (0.4)
   IVB                           1 (0.4)
  Myometrial invasion            
   Only endometrium              79 (28.6)
   Inner half (\<50%)            108 (39.1)
   Outer half (\>50%)            86 (31.2)
   Uterine serosal involvement   3 (1.1)
  Lymphovascular invasion        
   Focal                         9 (3.3)
   Frank                         24 (8.7)
   Absent                        215 (77.9)
   Unknown                       28 (10.1)
  Peritoneal cytology            
   Negative                      251 (91.3)
   Positive                      8 (2.9)
   Doubtful                      1 (0.4)
   Unknown                       15 (5.5)
  Risk for recurrence            
   Low                           145 (52.5)
   Intermediate                  59 (21.4)
   High                          72 (26.1)

**Abbreviation:** FIGO, International Federation of Gynecology and Obstetrics.

###### 

Disease-free survival and overall survival at 5 years for the variables analyzed

  Variables                            Disease-free survival   Overall survival          
  ------------------------------------ ----------------------- ------------------ ------ ---------
  Age, years                                                                             
   \<50                                95.5                    Ref                90.9   Ref
   50--70                              86                      0.254              88.1   0.450
   \>70                                81.3                    0.113              72.2   0.324
  FIGO stage                                                                             
   Local (stage I)                     91.0                    Ref                90.2   Ref
   Advanced (stages II--IV)            52.2                    \<0.001            48.8   \<0.001
  Histological type                                                                      
   Endometrioid                        89.6                    Ref                --     Ref
   Non-endometrioid                    61.9                    \<0.001            66.7   0.0001
  Tumor grade                                                                            
   G1                                  96.3                    Ref                95.6   Ref
   G2                                  80.8                    \<0.001            82.1   0.001
   G3                                  66.7                    \<0.001            61.9   \<0.001
  Myometrial invasion                                                                    
   No                                  86.5                    Ref                87.4   Ref
   Yes                                 81.4                    0.002              42.9   \<0.001
  Incomplete surgical treatment                                                          
   No                                  86.5                    Ref                87.4   Ref
   Yes                                 81.4                    0.002              42.9   \<0.001
  Tumor remnant \>1 cm                                                                   
   No                                  86.2                    Ref                85.2   Ref
   Yes                                 40.0                    \<0.001            20.0   \<0.001
  Lymph node involvement                                                                 
   Negative                            88.7                    Ref                89.8   Ref
   Positive                            41.7                    \<0.001            38.5   \<0.001
   Not determined                      80.1                    0.701              82.5   0.034
  Lymphovascular space invasion                                                          
   Negative                            88.9                    Ref                89.3   Ref
   Focal                               --                      --                 66.7   0.353
   Frank                               41.7                    \<0.001            50.0   \<0.001
  Surgical approach                                                                      
   Laparotomy                          80.0                    Ref                80.2   Ref
   Laparoscopy                         87.7                    0.110              87.2   0.153
  Pelvic/Para-aortic lymphadenectomy                                                     
   No                                  88.7                    Ref                82.5   Ref
   Yes                                 82.6                    0.233              85.3   0.340
  Risk group for recurrence                                                              
   Low                                 95.9                    Ref                95.2   Ref
   Intermediate                        87.7                    \<0.001            83.1   0.003
   High                                62.0                    \<0.001            62.5   0.0016

**Note:**

Log-rank test.

**Abbreviations:** FIGO, International Federation of Gynecology and Obstetrics; ref, reference category.

###### 

Differences in disease-free survival and overall survival according to International Federation of Gynecology and Obstetrics (FIGO) stage

  FIGO stage                 N (%)       Total   *P*-value
  -------------------------- ----------- ------- -----------
  Disease-free survival                          
   Local (stage I)           21 (9.0)    233     \<0.001
   Advanced (stage II--IV)   19 (47.5)   40      
  Overall survival                               
   Local (stage I)           23 (9.8)    235     \<0.001
   Advanced (stage II--IV)   21 (51.2)   41      

###### 

Differences in disease-free survival and overall survival according to tumor grade

  -------------------------------------------------------------------------------------------------
  Tumor grade             N (%)       Total   *P*-value
  ----------------------- ----------- ------- -----------------------------------------------------
  Disease-free survival                       

   Grade 1                5 (3.7)     135     Reference

   Grade 2                15 (19.2)   78      \<0.001

   Grade 3                20 (33.3)   60      \<0.001[\*](#tfn4-ott-6-1305){ref-type="table-fn"}\
                                              0.039[\*\*](#tfn5-ott-6-1305){ref-type="table-fn"}

  Overall Survival                            

   Grade 1                6 (4.4)     135     Reference

   Grade 2                14 (17.9)   78      \<0.001

   Grade 3                24 (38.1)   63      \<0.001[\*](#tfn4-ott-6-1305){ref-type="table-fn"}\
                                              0.005[\*\*](#tfn5-ott-6-1305){ref-type="table-fn"}
  -------------------------------------------------------------------------------------------------

**Notes:**

*P*\<0.001;

*P*\<0.005.

###### 

Results of univariate Cox proportional hazards analysis: risk of tumor recurrence and overall mortality associated with the variables analyzed

  Variable                             Tumor recurrence      Overall mortality                          
  ------------------------------------ --------------------- ------------------- ---------------------- ---------
  Age, years                           1.05 (1.02--1.09)     0.002               1.07 (1.04--1.10)      \<0.001
  Obesity, BMI \> 30 kg/m^2^                                                                            
   No                                  1.00                                      1.00                   
   Yes                                 0.97 (0.50--1.88)     0.930               1.07 (0.57--2.03)      0.836
  Histological type                                                                                     
   Endometrioid                        1.00                                      1.00                   
   Serous-papillary, clear cells       5.01 (2.65--9.48)     \<0.001             3.39 (1.79--6.43)      \<0.001
  Myometrial invasion                                                                                   
   Inner half (\<50%)                  1.00                                      1.00                   
   Outer half (\<50%)                  3.37 (1.99--5.68)     \<0.001             2.40 (1.53--3.79)      \<0.001
  FIGO stage                                                                                            
   Local (stage I)                     1.00                                      1.00                   
   Advanced (stages II--IV)            7.53 (4.03--14.07)    \<0.001             7.88 (4.29--14.47)     \<0.001
  Tumor grade                                                                                           
   G1                                  1.00                                      1.00                   
   G2                                  5.78 (2.10--15.91)    \<0.001             4.39 (1.69--11.44)     0.001
   G3                                  11.53 (4.32--30.76)   \<0.001             10.65 (4.34--26.13)    \<0.001
  Pelvic/para-aortic lymphadenectomy                                                                    
   No                                  1.00                                      1.00                   
   Yes                                 1.48 (0.77--2.84)     0.233               0.75 (0.41--1.36)      0.340
  Surgical approach                                                                                     
   Laparoscopy                         1.00                                      1.00                   
   Laparotomy abdominal                1.67 (0.88--3.17)     0.115               1.58 (0.84--2.97)      0.158
  Incomplete surgical treatment                                                                         
   No                                  1.00                                      1.00                   
   Yes                                 3.55 (1.48--8.48)     0.002               6.75 (3.43--13.29)     \<0.001
  Lymph-node involvement                                                                                
   Negative                            1.00                                      1.00                   
   Positive                            1.77 (1.05--2.99)     0.032               3.01 (1.83--4.95)      \<0.001
  Lymphovascular space invasion                                                                         
   No                                  1.00                                      1.00                   
   Yes                                 4.81 (2.54--9.13)     \<0.001             3.81 (2.04--7.13)      \<0.001
  Tumor remnant \>1 cm                                                                                  
   No                                  1.00                                      1.00                   
   Yes                                 5.18 (1.59--18.83)    0.006               6.21 (2.21--17.44)     0.001
  Risk group for recurrence                                                                             
   Low                                 1.00                                      1.00                   
   Intermediate                        5.24 (0.68--40.62)    0.113               6.54 (0.86--49.58)     0.069
   High                                31.41 (4.27--231.3)   0.001               28.27 (3.84--208.27)   0.001

**Abbreviations:** CI, confidence interval; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics.

###### 

Results of multivariate Cox proportional hazards analysis for International Federation of Gynecology and Obstetrics (FIGO) stage and tumor grade

                Disease-free survival   Overall survival                        
  ------------- ----------------------- ------------------ -------------------- ---------
  FIGO stage                                                                    
   Local        1.00                    \<0.001            1.00                 \<0.001
   Advanced     4.90 (2.57--9.36)                          4.95 (2.63--9.32)    
  Tumor grade                                                                   
   G1           1.00                    0.002              1.00                 0.010
   G2           4.79 (1.73--13.27)      \<0.001            3.54 (1.35--9.31)    \<0.001
   G3           7.56 (2.75--20.73)                         6.76 (2.67--17.13)   

**Abbreviation:** CI, confidence interval.
